Abstract Biodiversity is not homogenously distributed over the globe, and ecosystems differ strongly in the number of species they provide. With this special issue we highlight the ecology and endangerment of one of the most diverse ecosystem of Europe: the European grassland ecosystems. The selected 16 contributions describe interactions from below-ground to the atmosphere and focus on (1) effects of abiotic and biotic on species diversity, (2) the impact of various factors along spatial and temporal gradients, (3) the
relevance of falling abandoned and eutrophication-including countervailing management strategies like encroachment; and (4) intraspecific effects based on physiology, genetics and intraspecific plasticity. The contributions cover fungi, plants, and invertebrates and highlight effects taking place at the level of ecosystem, species community, species, populations, and also within individuals (physiology and genetics).
Keywords Abandonment Á Animal assemblage Á Conservation management Á Diversity hotspot Á Eutrophication Á Plant community Á Species richness Why biodiversity is not homogenously distributed across the globe, but concentrated in certain regions, has fascinated biologists for centuries and has been the inspiration and focus of key ecological and evolutionary theories (Darwin 1859; Wallace 1860; Briggs 1988; Wiley 1988; Gaston 2001; Mutke and Barthlott 2005) . For most taxa, species richness increases from the poles towards the equator. Also, regions covering long altitudinal gradients leading to high topographic and climatic heterogeneity (Possingham and Wilson 2005) , as well as regions consisting of numerous true or habitat islands that stimulated speciation through isolation are prone to extraordinary species richness, as is the case of the Eastern Afromontane ''mountain archipelago'' along the Great Rift or the IndoMalay biodiversity hotspot (Mittermeier et al. 2011) . Thirty-five such biodiversity hotspots are recognised worldwide, all by extremely high levels of endemism and threat ([1,500 endemic vascular plants and[70 % of the natural vegetation being destroyed; Mittermeier et al. 2011 ). Europe has a major share in only one of these hotspots, the Mediterranean Basin (cf. Hewitt 2011). This region is characterised by long-term isolation of the biota, which is often restricted to one of the various island and peninsulas, which are separated by sea and/or hardly surmountable mountain barriers (e.g. the Alps, Pyrenees, Carpathians). Long-term isolation accompanied by relatively constant climatic conditions has led to the accumulation of species in southern Europe over the past millions of years, while temperate and northern Europe are characterised by biodiversity impoverishment in consequence of the glaciation cycles with subsequent range retraction-expansion dynamics of species including extinction processes (Thompson 2005; Schmitt 2007; Habel et al. 2009 ).
While being relatively species-poor at larger spatial scales, temperate Europe comprises certain habitats with extreme species richness at small scales, in particular the semi-natural grasslands. Recently, it has been shown that European semi-dry basiphilous grasslands exceed any other ecosystem of the world including tropical rainforests with regard to vascular plant species richness for grain sizes \100 m 2 Wilson et al. 2012) . Among Europe's endemic vascular plants, 18.1 % are bound to grassland habitats, nearly twice as many as in forests, despite the latter covering much more land area (Hobohm and Bruchmann 2009) . Also, for many other taxa, the semi-natural grasslands host many more species than expected from their spatial extent, for example more than two-thirds of the butterflies (WallisDeVries and van Swaay 2009). While grasslands constitute the natural vegetation of the steppe biome in Eastern Europe (Bohn et al. 2004) , they largely result from the activities of humans and their livestock (e.g. grazing, mowing, burning) in areas actually humid enough to allow tree growth (Ellenberg and Leuschner 2010; Vrahnakis et press). Thus grasslands became widely distributed over Europe since the Anthropocene (Poschlod and WallisDeVries 2002; Poschlod et al. 2009; Hájková et al. 2011) .
During millennia of low-intensity land use, grasslands accumulated a huge amount of biodiversity. Today, many of the European grassland ecosystems of high conservation value are threatened by a change of the very land use that formerly created and maintained them, i.e. intensification, abandonment, afforestation, or transformation of arable fields (WallisDeVries et al. 2002; Ö ckinger et al. 2006; Veen et al. 2009; Valkó et al. 2012) . Further sources of threat include eutrophication through airborne nitrogen deposition, and in some cases biotic invasions. While these phenomena are well-known issues (e.g. Janišová et al. 2011), we still urgently need a better understanding of mechanisms behind the patterns of biodiversity at different levels (cross-taxonomic, taxonomic, functional, genetic) and spatial scales in European grasslands. Such knowledge at the same time is a prerequisite for projecting the biotas' and systems' response to future environmental changes and for conservation.
With this Special Issue on ''Biodiversity of European grasslands'' we emphasise the outstanding richness of this biodiversity hotspot, while at the same time stressing its alarming endangerment. This Special Issue was initiated at the 8th European Dry Grassland Meeting, 13-17 June 2011, in Uman', Ukraine, but in addition to conference contributions some invited articles have been included. Two further special Features in international journals will appear in parallel and complement the present volume: a special issue of Agriculture, Ecosystems and Environment (eds. Dengler et al.) will deal specifically with botanical diversity in Palaearctic grasslands, while a just started virtual special feature of Applied Vegetation Science addresses the diversity and large-scale classification of grassland plant communities, looking at the community-level diversity (Dengler et al. 2013) . Information on the organiser of all three special features, the European Dry Grassland Group (EDGG), can be found in Vrahnakis et al. (in press) and in the Infobox.
Infobox: The European Dry Grassland Group (EDGG)
The European Dry Grassland Group (EDGG; http://www.edgg.org) was founded in 2008 as a successor of the German Arbeitsgruppe Trockenrasen and became an official working group of the International Association for Vegetation Science (IAVS; http://www.iavs.org) in 2009. As of 10 June 2013, EDGG had 945 members from 58 countries, including zoologists and botanists as well as scientists and conservation practitioners. Membership in EDGG is free of charge and its activities include:
• Organisation of annual conferences and research expeditions.
• Publication of the quarterly open-access Bulletin of the European Dry Grassland
Group.
• Organisation of Special Features in international journals.
• Knowledge collection on dry grassland, such as vegetation-plot databases and best practice examples in conservation and management.
• Influencing relevant national and European policies by informing policy makers, promoting petitions etc.
Biodivers Conserv (2013 Conserv ( ) 22:2131 Conserv ( -2138 Conserv ( 2133 This array of 16 contributions covers plants, fungi, and invertebrates, and highlights effects taking place at the level of ecosystem, species community, species, populations, and also individuals (physiology and genetics). In the following, we summarise the contributors' findings under the following categories: (1) effects of abiotic (habitat size, isolation, topography, soil, and biotic (vegetation structure) factors on species diversity; (2) gradients over space and time (including the biogeographical history as well as management changes during the past decades); (3) the relevance of falling abandoned, eutrophication-including countervailing management strategies like encroachment; and (4) intraspecific effects (physiology, genetics and intraspecific plasticity) related to species and habitat qualities.
Effects of abiotic and biotic factors on species diversity
The impact of abiotic and biotic factors on the composition of species assemblages (abundance and species richness) are of major interest in conservation ecology. Fragmentation and habitat isolation are interpreted as main drivers determining the composition of species assemblages (first highlighted in the theory of island biogeography by MacArthur and Wilson in 1967. In the first contribution, Horváth et al. (2013) showed no significant correlation between habitat size and isolation on spider species richness, but on those species' assemblages: while isolated and small habitat fragments are dominated by generalists, specialists (adapted on sand) accumulate in rather large and high quality habitat patches. In addition to habitat size and isolation, the topography of the landscape may have a direct impact on species composition and richness. This is shown for plant species composition, richness and the functional composition over 258 grassland plots (Moeslund et al. 2013) . This is further supported by a study on grasshoppers: south-facing pastures maintained a greater Orthoptera diversity than north facing pastures (Weiss et al. 2013) ; The authors further highlight that abundance is positively correlated with bare ground (and in consequence grazing might be better than mowing).
Apart from habitat size, isolation and/or landscape structure (like topography, see above), habitat quality (of both the particular habitat and the surrounding habitats) strongly influences the occurrence of species, and thus the species composition and diversity, as first demonstrated for the butterfly Coenonympha tullia (Dennis and Eales 1997) . For example the composition of plant species in wet grasslands is strongly affected by various abiotic factors like chemical parameters of the soil, climatic conditions and human impact (Zelnik and Č arni 2013) . In a study on Arbuscular Mycorrhizal Fungi (AMF), effects of land use, host plant neighbourhood and spatial arrangement on the AMF composition was tested over 67 grassland plots spread across the three German Biodiversity Exploratories (Morris et al. 2013 ). The authors show that the diversity of AMF react similar sensitive at both, large-and small scales; for example, the ability of AMF to provide protection from pathogens declined under high land-use intensity (Morris et al. 2013 ).
Temporal and spatial gradients
The floristic composition of plant communities is strongly influenced by biogeographic history; this is shown for the Dinaric versus Central-European region, both representing different biogeographical realms (Pipenbaher et al. 2013) . The authors explain the relevance of biogeographic history for the observed strong differences in floristic and functional composition of dry grassland communities. However, the processes leading to rarity in these grasslands were similar for both areas. A second contribution studying a temporal gradient highlights the effects of recent habitat transformations during the past decades, from 1970 until today (Filz et al. 2013) . The authors showed that species composition changed from the past to present towards a generalist-species dominated community, despite habitat management activities, and they explain this trend by external factors as eutrophication and climate change. The following two contributions study effects along spatial gradients. Albrecht and Haider (2013) analyse effects of urbanisation (one of the main reason for decreasing grassland habitats) along a spatio-temporal urbanisation gradient from traditionally managed to urban developments. Area and diversity of traditional calcareous grasslands strongly decreased due to urbanisation; nevertheless, urban habitats support a specific group of endangered species. Species richness of 11 invertebrate taxa showed a bimodal response pattern along a transect from pine plantation to short grass steppe, with a peak of species richness at the habitat edge as well as in the grassland interior (Bieringer et al. 2013 ).
Abandonment, eutrophication, and habitat management
Abandonment and eutrophication are the main problems facing open and oligotrophic grasslands. Re-cutting of abandoned grassland significantly diminished the living biomass of dominant grasses increasing thus plant species diversity by facilitating establishment of less competitive species as shown in studies on grasslands of the Mediterranean Basin (Bonanomi et al. 2013) . However, the nitrogen enrichment at levels comparable to atmospheric deposition hampered the positive effects of grassland management. Contrastingly, abandoned grasslands were more species-rich than managed ones; moreover they harboured distinct assemblages and more grassland specialist species (Wiezik et al. 2013) . The restoration of formerly intact grasslands showed positive effects on Orthoptera assemblages over time (Rácz et al. 2013) . The authors showed that species richness doubled and abundance increased almost ten-fold in the restored grasslands 4 years after restoration. The relevance of scale dependence was highlighted by Lauterbach et al. (2013) . Effects of abandonment, eutrophication and habitat fragmentation were strongly scale-dependent: eutrophication and habitat loss had more marked effects on a regional scale, but habitat fragmentation may be the main driver of species threat on the local scale.
Effects on the intraspecific level
The three final contributions highlight the impact of intraspecific processes (physiology and genetics) of organisms living in grassland habitats. The contribution of Wellstein et al. (2013) demonstrates that the intraspecific trait variation of four grassland plants along with abiotic environmental variation shows a significant phenotypic adaptation to diverging environmental conditions. A second review incorporating 28 studies (20 species, 224 traits, including genetic, vegetative and reproductive traits) showed that various grassland management regimes affect the selection pressure in plants differently (Pluess 2013) . The third and last work highlights the effect of species' ecology on the genetics in grassland butterflies (Habel et al. 2013a ). The authors found that generalist species with wide distributions and high abundances show rather high genetic diversity accompanied by low genetic differentiation, while species with specific habitat demands are characterised by comparatively low genetic diversities and high genetic differentiation. These patterns strongly mirror the distribution pattern due to their ecology and opposite population feature.
We hope that this Special Issue on European grasslands strongly contributes to a better understanding of ecosystem and species interactions, potential changes along spatial and temporal gradients, and scale-dependent effects-from molecule to ecosystem level and help to conserve this fascinating ecosystem hotspot in the future. Therefore we close this special issue with translating our mostly theoretical findings into practical advice (Habel et al. 2013b ).
